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SUNMARY

This paper presents, for each of 18 existing sounding rocket systenms,
a short description, a sketch with oversll dimensions, weight and
- maximum acceleration dats, and t=o perforaance charts - apogee altitude
" versus payload for various launch angles, and altitude versus tiae for
" various payloads at a launch angle of 83 degrees. The aim is to aid in
the preliainary selection of a vehicle for a specific payload aission.
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A-STUDY OF SOUNDING ROCXET SYSTZiaS!

K.M. Russ*

1. INTRODUCTION

The prinary purpose of. this paper is‘tt_) aid in the prelininary seleccion
of & vehicle for = specific payload mission. The flight performance data
pr;sented show & very broad flight regime for each vehicle. Modifications
to the data have act been made to account for factors such as the launch
site, launcher elevation linits, range safety and vehicle payload
environzent. Consideration of these factors usually results in limitations
being placed-on the flight regime. Some limitations may be removed by
minor modifications while, in the case of range safety, the lizitation may
be. revised with no modificaticin as the vehicle tuilds a gcod operaticnal

history.

tAcknowledgenent: The data accunulated for this study was accompiisned under the National
Asronautica and Space Adsinistration Contract No, NASI-1013. The cocporation of the nuzerous
organizations mentioned in the text {s greatly appreciated. Special recognition is given to
the individuals in the Chance Vought Astronautics Division whose work on the contract made
this paper possiblse, '

*Astronautics Division, Chance Vought Corporation, Dallas, Texas, U.S.A.
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2. AEROREE 120

The Aerobee 120, also known as the Aerobee Junior, is manufactured by the Aerojet-
General Corporatica. Fizure 1 shows a sketch of the vehicle, staging weights, payload
weight range, and 2axiawa acceleration. ™ Figure 2 shows the vehicl2 perforance for
various launch angles. Figure 3 shows 3 plot of altitude versus tize for three payloads.

The Aercbee 100 is a free-flight spun vehicle. The roll rate is variable since the
sustainer fin incidence can be adjusted. The liguid propellants used are inhibited
red fuzing nitric acid aad JP-4. Auxiliary thrust for launching is provided frea a
s0lid propellant booster rocket. Three fixed fins spaced 120 degrees apart furnish
aerodynanic stability during flight. Provisions for ccamand shutdowm during flight
can be provided, but the weights associated with this system were not incorporated into
the performance calculations,

The Aerobee 100 is designed to be launched from existing Aerobee launching-tower
facilities at Fort Churchill, Canada; White Sands Missile Range, New Mexico; Air
Force Missile Developaent Center, Alamogordo, New Mexico; Eglin Air Force Base, Florida;
and the portable tower usad on the U.S.S. Nortcn Sound. The closed construction tower
at Fort Churchill has a fixed rail 31.4 neters long, can be rotatad 3€0 dagrees and
alloxs a 10 degree tilt in azimuth. Four successful firings have taken place at Fort
Churchiil. Two of the experizents were for ionosphere studies and two for Arctic
meteorological photographs. A budgetary recurring ccst for a vehicle is 13,960 dollars
in lots of 10, not including payload.

“
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3. AEROBEE 1304

2
’

The development of the Aercbee 130A was sponsored by the Goddard Space Flight
Center of the National Aercnautics and Space Adninistration under a contract to
Aerojet-General Corporation. The vehicle is a four-fin version of the three-fin 120,
also known as the Aerobee-Hi. Figure 4 shows a sketch of the vehicle, staging weights,
payload welght range, and maxizum acceleration. Pigure 5 showas the vehicle perfor-

mance for various launch angles. Figure 6 shows a plot of altitude versus time for
three payloads. )

- The Aerobee 150A consists dasically of integral liquid propellant tanks which alse
act as the main rocket body, the aft structure which supports the fins and contains
the thrust chamber, and a forward skirt that contains the pressurizatiom system. The
fuel is a mixture of 65% aniline and 35% furfuryl alcohol. The oxidizer is inhibited
red funing nitric acid (7% NO,). The pressurizing gss is helium. Three tunnels or
shrouds are provided between the forward skirt and tne aft structure for the gas
pressurization lines and instruzentation wiring., Mounted equidistant between the
shrouds, fore and aft, are two sets of riding lugs which support the vehicle between
the rails in the launching tower. The four sustciner fins are spaced 90 degrees apart
and pay be canted froa zero to tventy minutes. Auxiliary thrust for launching is
provided frcm a solid propellant booster. The booster fins are preseatly installed at
2% degrees cant to impart a roll rate as the vehicle leaves the four-rail launching
tower. The iaunching tower is at Wallops Island, Virginia; the rail is 48.8 meters
long. There have been eleven firings, of which ten were successful. A budgetary
recurring cost for a vehicle is 23,920 dollars in lots of 10, not including the payload.
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1. PYerformance Weights I=ss Payload

and Booster
. Kilograms
38— e Launch 611,2
B. 0. 1st Stage 132.9
T3
2. Payload Range

45, to 136, Kilograms

3, Mexirmm Agcelaration
11 g's
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4. AEBROZEE 30047

The Aerobee 300 is manufactured by the Aerojet-General Corporation. The configura-
tion is the same as the 150A with an added upper step solid propellant motor. The
three-fin 150 and four-fin 130A with the added motor are designated the 3CO and 2C04,
respectively. The 300 series are also known as Spaerobees. The perforaance
capability of the vehicles is sinilar. PFigure 7 shows a sketch of the vahicle, staging
weights, payload weight range, and maxinum acceleration. Pigure 8 shows the vehicle
performance for various launch angles. Figure 9 shows a plot of altitude versus tixze
for three peyioads.

The liquid fuel tanks can be held in a pressurized condition for extended periods

of time, The ignition of the second stage engine is signalled by a decrease in first
step chamber pressure. .

‘the Aerobee 300A has been launched from Wallops Island, Virginia and the 300 from -
Fort Churchill, Canada. The only Aerobee 300A firing as of 1960 was on August 3,
1960. The objective was to aeasure the ionosphere ion density and electron texnpera-
ture. The flight was successful. The Aerobee 300 has been flom 19 tiaes, of which
tive were used in the United States International Geophysical Year Atzosphere Rocket
Operations. A budgetary recurring cost for a vehicle is 33, 340 dollars in lots of 10,
not including the payload.
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DIMENSIONS
MIUERS -
i /\
] 38 —3>1
A
7.7
i

1. Perforrmance Weights lLess
Payload and Bcoster

Kilegrams
Launch 68333
B.0. 13t 205.1
Fire 2nd 61.24
B.0o 2rd 29.89

2. Paylcad Ranze
9- to 2‘60 Kilcm
3o Maximm Accelaration

5T g's
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5. ARCAS

The Arcas was daveloped by Atlantic Research Corporation for conductinz ataosphers
soundings under sponsorship of the three services, as represented by the Office of
Naval Research, Air Force Caabridge Research Center, and the Uaitad States Amy Signal
Research and Development Latoratories. Fizure 10 stows a sketch of ths vehicla, =
staging weights, payload weight range, and maxiaumw acceleration. Pizure 11 shows the
vehicle perfornance for various launch angles. FPigure 12 showxs a plot of altitude
versus tize for three payloads.

The Arcas has four fins spaced 90 degrees apart. The vehicle employs an end-
burning solid propellant rocket. The structure above the motor consists of a nose
cone, parachute container, and separation device. The nominal payload employs a
parachute designed to lower an in<trumentation package from 61,000 meters to 24,000
meters at a descent rate permittiug meterological measurements. The launcher is a
closed breech typa2 using the catrapped exhaust gases of the rocket to accelerate the
missile by piston action. As of January, 1961, the Arcas has been successfully fired
400 tines, which represents approximately 50% of the total firings. A budgetary
recurring cost for a vehicle is 1,453 dollars in lots of 10, not including the payload.
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6. ARCON

Development work on the Arcon vehicle was initiated in 1955 by the Atlantic Research
Corporation for the Naval Research Labtoratory’ s Rocketsonde Branch under a Bureau of
Ordance contract. Figure 13 showxs a sketch of the vehicle, staging wmeights, paylead
weight range, and maxinmum acceleration. Pigure 14 shows the vehicle perforaance for
various launch angles. Pigure 15 showsaplot of altitude versus time for three payloads.

The Acron uses a solid propellant rocket motor with four fins spaced 90 degrees
apart welded on the aft section. A small solid propellant rocket is employed to
boost the Acron from its launcher. A four-rail mobile launcher 10.7 meters long,
trainable over 360 degrees aziauth and 90 degrees elevation by remote control, is
used for launching. Three performance flight tests were conducted by the Naval Research
Laboratory in July of 1958. Six additional performance flights were conducted by the
National Aeronautics and Space acainistration, Goddard Space Flight Center, in the
summer of 1959. The first three NRL flights were unsuccessful and three of the last
six NASA flights were successful. In the NASA series, pitch-roll coupling was
apperently responsible for the breskup of two vehicles, while the other experienced a
nozzle burn-through at launch. Accurate control of the roll rate is necessary before
high reliability of the Arcon can be achieved. Further developaent of the vehicle is
presently suspended. A budgetary recurring cost for a vehicle is 4,875 dollars in
lots of 10, not including the payload.

-
-
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7. 'BX2S

The Exos was zanufactured by the University of Michizan with the cccperation of the

National Aeronautics and Space Adninistratign under sponsorship of the Air <orece
Canbridze Research Center. PFlzure 15 shows a sketch of the vehicle stagiag weights,
payload weisht range, and maxizva acceleraticn., Pigure 17 shows ths vahicle perfor-

[Dnance for various launch angles. Figure 18 shows a plot of altituds versus tiaa for
three payloads. - ) -

Tha Exos uses three solid propellant rocket motors. The vebicle is free-flight
with £in and flaras stabilization. The first step separates froa the second stags at
burnout and the remainder of the vehicle coasts for 25 seconds. The second stage is
ignited by timer and batteries and at burnout the pressure drcp signals third stage
ignition. Separation is effacted by a blow-out diaphrazs. Ths Exos was launched
frcm a converted Honest John launcher which has a 3.688 meter guidancs rail. FHowever,
the Exos can be fired with ninor modification frca a sizple beaa launcher with no
guide rail required. Such launchers exist at the NASA Wallops Island, Virzinia; Z3lin
Air Force Base, Florida; Atlantic *fissile Range; Pacific Missila Ranga; and Thite
Sands Proving Ground, New Mexico. T7he Exos has been successiully firzd tzice frca
Wallops I3land utilizing a short burning colid prepellant Recruit =otor as ths third
step. The vehicle as shown was fired cnce frea £3lin Alr Force Rase, Tais unauccess-
ful flizht #as believed caused by launcher iataerfareaces. A tudzatary rocurring cost
for a vehicle i3 19,937 dollars in lots of 10, not iacludinz tias payload.
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8. IRIS

Design studies and early work on the Iris motor develcpaent were initiatad for the
Naval Research Latoratory by the Atlantic Research Corporation in 1936, Yotor and.
vehicle developaent were ccapleted for the National Aeronautics and Space Acainistra-
tion, Coddard Space Flight Center, in 1960 and included a six-rouad motor qualification
testing prograa. Figure 19 shows a sketch of the vehicle, staginz weigzhts, payload
weight range, and maximua acceleration. Figure 20 shows the vehicle perforzance for

varioiis launch angles. Pigure 2t shows a plot of altitude versus time for three
payloads. : E

The Iris motor uses solid propellant and is an end-burner. Auxiliary thrust is
supplied by a unit consisting of seven solid rocket motors, 10.2 ceatineters in
diameter and burning for 0.8 seconds. The booster is not mechanically attached to the
Iris and falls away after the rocket exits from the tower. The ignition syster
incorporates a relay with a built-in tizne delay to insure that the btooster iznites
before the sustainer. The Iris is designed to be launched frcm the 43.8 meter, 4-rail
tover at Wallops Island, Virginia. Three performance flight tests wera conducted by
Goddard Space Flight Ceater in late 19£0 and early 1961. The firat two firiags were
successful and no information i3 yet availabla as to why the third £1izht was
unsuccessful. Twelve additional Iris vehicles will be flown in ths near future., A

budgetary recurring cost for a vehicle is 13,470 dollars in lots of 10, not including
the pavload.
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11, JAYELIN

The Javelin, also known as the Argo D-4, is manufactured by the Aerolab Developaent
Cozpany under sponsorsaip of the Natlional Aeronautics and Space Adninistration.
Pizure 28 shows a sketch of the venicle, stagzing weizhts, payload welght ranze, and
maxisua acceleratisn, Figure 29 shoas the vehicle performance for various lauach
anzles. Pigure 30 shors a plot of altitude versus tize for three payloads.

\\ '

The Javelin has four steps, each using a solid prcpellant rocket motor. Roll and
stabilization are acccaplished hy fins on the first, second and third step. The roll
rate is approxizately one, six, eleven and ten revolutions per second during *.rning
of the first, second, third and fourth stages, respectively. A reduction in roll rate
dom to 2 revolutions per second occurs when the nose cone is ejected, soon after
burnout of the last stage. The first and second steps drag separate after motor
burnout. Separation of the third step is accoaplished by a blow-out diaphraga which
is ruptured at fourth stage ignition. A simple beam without a guide track is
sufficient for launching the vehicle. ‘There have been nine firings of which seven
were successful. A budgetary recurring cost for a vehicle is 42,627 dollars in lots
ten, rot including the payload. .
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1. Performancs Weights less Payload

LAGICH KTICGRAMS
Launch 3353,
B.0, 1st 2364,
Fire 2nd 11461.
B.O. 2rd 131k,
Fire 3md 865.3
B.0. 32‘(1 518.8
Firs 4th 2h8.1
B.O. 4th 37.65

2. Paylocad Ranzs
3% to 80 Kilogrems

3¢ Maxdmm Accsleration
36 g's
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’ 14, LITTLE J03

_Tha Little Joe mas aanulacturad hy the Hissila Divisica of Morld .merican Aviatica,
Inc. under coatract to th2 Maticnal Asronautics and Spacs Adziaisiratioa ia ccoanaction
¥ith a research and davelcgnent projzraa in support of Project Mdercury. Mizurs 37
shoxs 3 axetch of the vehicla, staging weizhts, payload-4eight ranza, aad aaxinva
accelaration. Pigure 23 showxs the vehicle parformance for various launch angles,
Pigure 39 shoxs a plot of altitude versus tins for three payloads.

The Little Joe has four stabilization fins and eight solid prcpellant rocket zotors
which remain as a unit during flight. The vehicle is unzuided. Two of the maia
motors and the four auxiliary, short burning, aotors are fired initially. The other
tyo nain notors are fired during the final burning of the first t=o zain rmotors.

The nozainal roll rats is zero for this vehicla. The launcher providas four support
points st the bass of the vehicle plus a zero-length type suprort st ths forward ond
of the vehicle. This formard support swings clear of the vehicle at take-off. The
Littlas Joe was desizned for ths purpose of propelling full scals models of ths
Mercury capsule and escape systea to supersonic speeds at low altitudes jfor the
objectiva of prcof tasting the esczpe systom at hizh dycaale pressure. It also
demonstrated. hizh altituda capability during a test zhers essentially zaro cynamic
pressure was requirad. The nanned capsule confizuratisa has, therefors, been raplaced
by 3 sizple rose ccna suitable for the majority of research experinents aad 13(
reflactad in the perfornancs calculaticns, A budzetary rsenrring cest for 2 vohicls,
excludiaz a nose cona and payload, is 333,C00 dollars in lota of %on.
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15, NIY3-A5P

The Mike-Asp, also known as ths Aspan 130, is nanufactured by Cooper Develcpasnt, a
Division of the Harquardt Corporation. FPFigure 40 shows a sketch of the vehicle,
stazinz weights, payload weizht ratize, and maxiaum acceleration. Figure 41 sho¥s the
vehicle.perforaance for various launch.angzles. Pigure 42 shows a plot of dltitude
versus tias for three payloads. .

The Nike-Asp has two steps, each utilizing one solid propellant rocket wotor. )
Stabilization fias are attached to both steps. Spin tabs are positioned on the fin so
as to izpart an approxizate spin rate of 2.5 revoluticns per second for the first stage
and 4.5 revolutions per second for the second stage. After burnout of the first
stage, separation is accomplished. by rupturing a connector ring by an oxplosiva charge
set off by a squih which gets its siznal frcm either a seansor or ground ccmmand. The
second stage then coasts until an atzospheric pressure sensitive firing circuit ignites
the final motor. The NiXe-Asp can be fired frea a sizpls beam launcher and does not
require a guida rail. The vehicle waa fired frca Whits Sands, New Moxico; San MNicolas
I3land, California; and shiptoard during ths Intermatiocnal Geophysical Year. Additio-
nal firinzs bave taken place at TWallops Island, Yirginia and Eglin Air Fores Rass,
Florida, A total of 67 firinzs bave been nade of shich 40 were successful, A

budgetary racurring cost for a vzhicle is 14,331 dollars in lots of 10, not including
the payload. '
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15, NIX3-CAJUN

The Nike-Cajun is manufactured by tha University of Michizon under the sponsorship

_.F the Air Porce Caabridse Research Canter and the National Aeronautics and Spaca

Adninistration. Figure 43 shows a szetch of the vehicle, staging weizhts, payload
weizht range, and maxinua acceleratioa. Fizure 44 shows tha vehicle perfornance

for various launch angles. FPigure 45 shows a plot of altitude versus tize fur three
payloads.

k‘-"‘

The Nike-Cajun has two steps, each utilizing one solid propellant rocket motor.
Stabilization fins are attached to both steps. The ncainal roll rate for the vehicle
is zero, The first step motor is ground-fired and at burnout the step drag separates,
The second stage ignites at scae prescrited iznition delay tise depending wpon the
pyrotechnic delay squib e:ploygd. Toe squib i3 iznitsd at launch. The Nikxe-Cajun can
be firsd frca a sizple beam launcher and does rot require a guide rail. The venicle
was firaed frca fort Churchill, Canads; Jhita Sands, lHew Hexico; Cua®, Marizna Islands;
7allops Island, Virzinia; and shipbeard during ths Intarnational Geophysical Year.
Additional firings hava taken placs frca Elzia Alr Foree Base, Ploricda and Fallcps
Ia3lacd, Virzinia, The firat Nixo-Cajin was successfully flom in July of 1938 and
sincs then there have bean over 80 additicnal f1izhts with a vehicle success record

of approxizataly SC%. A budgstary rocurring cost for a vehicle i3 5,530 dollars in
lots of 10, rov Ingiuding the payload.

XY

2
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17. 530T?UT

’

The Shotput was developed by the Naticnal Aeronautics and Space Acainistration at
the Langley Research Center, Virginia, to lift and eject a 30.35 aetar dixmeter
inflatable sphere at suborbital speeds. Figure 45 sho¥s a sxetch of the vehicle,
Staginz weizhts, payload weight range, and naxizua accsleration. Pigure 47 shows thas
vehicle perforasnce for vurious launch angles. FPFigure 48 shozs a plot of altitude
versus time for three payloads. :

The Shotput has two steps and utilizes all solid prepellant rocket motors. The
first step has one nain motor plus two short burning auxiliary zotors whose nozzles are
canted through the take-off ceanter of gravity of the vehicle. Pirst step fins are
used for stability and are canted to ircpart spin to the vehicle. The vehicle passes
through roll resonance at about 15 seconds after take-off. After burnout of the first
step main motor the vehicle coasts for approxizmateoy 42 seconds at which tize the nose
fairing is ejected.” Two and oné half ‘seconds later the second stage {3 initially de-
spun. Step separation is acccuplished by releading a ring clazp., The second step
motor is then fired and at burnout the payload is further de-spun; retro-rockats
separate tha ezpty ootor case frem the payload. The vehicle can be fired frca a
sizple beam launcher, with no guide rail required. The sbotput has been fired five
tines from iWallcps Island, Virzinia. On one vehicle the second staze did not iznite;
all the other four were successful. A budzetary recurring cost for a vehicle i{s 1C§,
207 dollars in lots of 10, not including the payioad.
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13. SXYLARX

The Skylark was developed in Great Britain for use in the research prozraa of the
Royal Aircraft Zstablishaent. Figure 45 shows a sketch of the vehicle, staging
weights, paylcad weisnt range, and maxiaux acceleration. Pigure £0 shows the vedicle
perfornance for various—luaunch aangles. Figure 51 shows a plot of altitude versus
tine for three payloads. The Skylark uses one solid propellant rocket motor and has
three fins spaced 120 degrees apart on the aft section for stabilization. The vehicle
is unguided. }Mring the six trial flights at Woozmera, Australia, four variatioas in
the basic mofor were tried and two different fin confizurations. The Raven II motor
flown in Flight 05 was used in this study and alse G¥-25 fins, which were not used until
subsequent flizhts. This motor has the highest Initial thrust and aaxiaum total
izpulse. The G¥-25 fins are light-weight and lox drag as ccapared to those used in
the initial firings. The roll rate for the Skylark is nominally zero, but experjience
with this vehicle has skoom that-a randoa roll rate of about a half revolution per
second can be expected. The launcher tower located at ‘Yoomera is 0.5 nmeters hizh
and has three parallel guide rails. The towxer can be zoved by remote control through
+ 15 degrees to - 5 degrees in elevation, and t 10 dezrees in aziouth. 1In the six
trial firinzs between Febrvary, 1957 and Yay 1953, all were successful frca a
vehicle standpoint. 1In two subsequent flights using GI-25 fins it was fairly well
established that pitch-roll resonance occurred which greatly reduced ths pesk
aititude on one and was catastrcphic on the other. I-provements in fin cozstruction,
tolerance and aligzrment are expected to reduce the lixelilcod of this phencmenon,
Seventeen Skylarks have been flo'm as of Cecember, 1960. A saall tandem boostar
motor called Cuckoo was develcped for Sxylar¥ and adds scae 64 Xilcoeters to the peak

altitude., A fully assembled vehicle with payload ready for firing costs cpproxiaataly
30,000 dollars.

v
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13. STIONGARY

A

The Strong~i< is adzinistered by the University of Michigan under spcnsorsaip of
the Ballisti: Research Labtoratories of the United States Aray, with dssign and launch
assistance f-ca the National Aeronautics and Space Adainistration, Langzley Research
Center. Pigire 52 shoxs a sketch of. the.vehicle, staging weights, payload weight
range, and raximum acceleration. Pigure 53 shows the vehicle performance for various
launch angles., FPFigure 5¢ shoas a plot of altitiude versus time for three payloads.

s .

The Strongara uses a solid propsilant motor in each of its five steps. Fins on
the first three steps and flares on Lhe upper two steps are utiiized for stabilization
of the vehicle, The first step drag separates froa the second stage. The second
stage ignites, from delay squibs, approximately two seconds after separation of the
tirst step. Normal burning pressure in the second step motor unlocks a device which
prevents separation of the second step from the third stage until after second stage
burning. At burnout, the second step drag separates. Then follows a coast period of
approxizately 15 seconds after which the third step motor fires by neans of delay
squibs. Pressure decrease at burnout of the third stage trizgers the iznition of the
fourth stage and siailarly the fourth step motor pressure drep initiates ths last
stage firing. The nominal roll rate for Stronzarm i3 zero. A sizple beaxm launcher
without & guide rail is required for firingz the vehicle. Pive firinzs have been made,
of which the first was successful. A budgetary recurring cost for a vehicle is
28, 545 dollars in lots of 10, not including the payload.
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DISCUSSION

J.A. Haailton (U.X.): Off all the test vehicles described by Mr. Russ, only one is
_launched froa an aircraft. At the Royal Alrcraft Establishaent we have always Jought
¢ shy of air-lauvnching techniques because of the relatively ccaplex cperational problems
t involved. However, the system has certain attractions and it would be interasting to -
"know if any other groups have used air-launching with success.

Autkor’s reply; A rocket vehicle systea was tried on the B-58 Hustler aircraft, but
I do not know the degree of success it achieved. 1 should be gla.) t. try to obtain
further information for you.

J.G. Thibodaux (U.S.): In regard to airplane launching of sounding rockets, an air-
plane launch presents many operational problems and provides no more performance that

cannot be obtained z=ore easily and cheaply by the addition of another ground-launched
stage.

Autkor’s reply: 1 would like to say that many experinents are desired from where
there is no launch site; therefore, the mobility of aircraft has this advantage
for use as a first-stage and is wmorth further consideration.
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ADDENDU

AGARD SPECIALISTS® MNEETING
ON

“THE USE OF ROCKXET VEHICLES IN FLIGHT RESEARCH”

"List of Papers Presented

Following is a list of the titles and authors, together with the AGARD Report nuaber,
of twyenty three papers presented at the above Meeting held at Scheveningen, Holland, in
July 1961.

Techniques and Instruzentatiion Associated with Rocket Yodel ileat-

Tronsfer Investigations,
by C.B. Ruasey Report 375

Techniques for the Investigation of Aerodynexic Heating Effects
in Free Flight,

by J. Picken and D. Walker Report 376

Techniques de Vesure de l’Echauffesent Cinétique a I’Aide du Wissile
‘Antares’,
by H.J. le Boiteux Report 377

Measurements of Dynanic Stability from Three Siaplified Free-Flight
Wodels of a Supersonic Research Aircraft (Bristol ER.13%) over the
Hach Nuaber Range {,2-2.6,
by X.J. Turner .... Report 378
Aerodynamic Stability and Performance Characteristics Obtained froa
Autopilot - Controlled Supersonic Test Vehicles, .
by BT MAarley oo eeer eer eees eeen ees " Report 379

Yeasurement of Aerodynamic Characteristics of Re-Entry Configura-
tions in Fres Flight at Hypersonic and Near-Orbital Speeds,
by R.L. Nelson  ....  ..ov L.eh eeer eiee eees Report 380

Emploi de Wissiles pour les Essais de Vibrations en Yol Sibre,
by Ro Dat wuv  coir wiie diee aeee seee e Report 381

Sounding Rocket Experiaents for Meteorological Yeasurenents,
by William Nordberg . Report 332

Rockets for Use in Upper Atnosphere Research,
by %arren ¥. Berning Report 383




Survey of Activities on Space Reszarch by the Netherlends P.T.S.,
by 'L.D. de Feitér ceer eese  aees

 Soxe Particular Aspects of the Use of Fres-Flight Models in the

Netherlands,
. bj‘ G.Yo mkkinga ho-.. e csee XXX esee

v [N

Functional end Environaental Testing of Spacecraft,~.
by Harold I. Maxwell

Notes on the Design and Performance of a Three-Stage Rocket Test
Vehicle for Aerodynaaic Research at Hypersonic Speeds,
by J.A. Hamilton

A Study of Sounding Rocket Systeas,
by K.M. Russ sese . sess cees ceve

The Design and Operation of .!}ulti-Stage Picket Vehicles,
by Hal P. Halsted cess cees cers ceee

Aeroelastic Analyses of Multi-Stage Rocket Systens,
by J.S. Reith, J.%. Lincoln and G. Tarrower ....

Ascent Problens of Sou;zding Rockets,

b)’ NQLQ Crabill no‘oe seee (XXX eose se0ae

Efficacite de Dif.fc'rents Procédés pour Réduire la Dispersion des
Missiles Experiaentaux, i .
b’ .u.. Bimut . (AKX ] LR X 3 ..... [ XN K ) (A XN

Bocket Sodel Reséarch Instrumentaticn,
b’ PmnCIS-Bo Sﬂlth se0e cesse 200 seee

. Data Handling ond Processing of Rocket Sodel Research Data,

by Paul P, Fuhrmeister ceee vense vees coes

Pressure Probes in Free Molecule Flow,
by K.K. Enkenhus, E.L. Harris and G.N. Patterson

Special Rockets end Pyrotechnics Probleas,
by J.G. Thibodaux ceee reen

The Recovery of Flight Test Payloads,
by Anthony M, Smith and Robert P. Peck

sees

ssee

ssee

vess

Report 334

Report 335

* Report 386

Report 387
Report 388.
Report 389
Report 390

Report 391

Report 392

Report 393
Report 394
Report 395
Report 396

Report 397
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